Low - voltage FIB/SEM Tomography for 3D Microstructure Evolution of LiFePO4/C Electrode by Scipioni, Roberto et al.
Low - voltage FIB/SEM Tomography for 3D Microstructure Evolution of LiFePO4/C
Electrode - DTU Orbit (08/11/2017) 
Low - voltage FIB/SEM Tomography for 3D Microstructure Evolution of LiFePO4/C Electrode
Li-ion batteries find widespread use in many electricity storage applications, from portable devices to electric vehicles [1-
3], and LiFePO4 (LFP) is one of the most common cathodes because of its long durability and high safety [4, 5] but, since
its low ionic and electronic conduction, it is always mixed with carbon black (CB) additives to increase electronic
percolation in the electrode. Focused Ion Beam (FIB)/Scanning Electron Microscopy (SEM) Tomography is one of the
most used techniques for the study of the three-dimensional microstructure of porous electrodes [6-8]. Imaging at low-kV
has been shown to be an excellent technique for studying electron percolation in Ni-network in solid oxide fuel cells [9]. In
this work we study the degradation process that occurs in a LFP/C electrode by Low-kV FIB/SEM Tomography, using the
low-voltage percolation technique to identify compositional changes in the CB network in three-dimensions. FIB/SEM
images of a fresh and degraded cathode are compared and LFP grains are seen to crack with cycling, resulting in the
formation of secondary disconnected particles with increased ionic resistivity; CB particles are instead observed to
agglomerate, reducing the electrochemically active surface area. Using low voltage imaging (1 kV) a significant fraction of
the large carbon agglomerates found in the aged electrode show a higher secondary electron yield compared to the fresh
CB particles at low accelerating voltage. This suggests that degradation occurs both due to morphological changes and
due to amorphous-crystalline phase transitions in the carbon network, resulting in non-percolating CB agglomerates.
Figure 1 shows lateral Everhart – Thornley (E-T) and in-lens detector images of fresh (a, b) and degraded cathode (c, d)
collected after FIB slicing. White grains are LFP, black particles are CB additive and grey regions are pores infiltrated with
silicon resin to improve phase contrast [7]. The CB network appears entirely dark in the in-lens detector image of the fresh
electrode (Fig. 1b). It is possible to notice some charging effects from the insulating silicon resin. The in-lens detector
image of the degraded electrode (Fig. 1d) is instead characterized by the presence of big carbon agglomerates (red rings)
which are brighter because they charge as the electron beam hit them. This indicates a lower electric conductivity. 3D
reconstruction of the entire network (Fig. 2) revealed that the carbon phase with lower electric conductivity accounted for
approximately 25% of the volume of the total carbon in the sample. This of course affects electrode capacity since a
reduced electron percolation in the CB network impedes (de)lithiation process of LFP particles. References - M. Armand,
J. M. Tarascon, Nature, 451, 652-657 (2008). - B. Scrosati, J. Hassoun, and Y.K. Sun, Energy Environ. Sci., 4, 3287-3295
(2011). - J.M. Tarascon, M. Armand, Nature, 414, 359-367 (2001). - A.K. Padhi, K.S. Nanjundaswamy, and J. B.
Goodenough, J. Electrochem. Soc., 144(4), 1188-1194 (1997). - Y. Wang, P. He, and H. Zhou, Energy Environ. Sci., 4,
805-817 (2010). - T. Hutzenlaub et al., Electrochemical and Solid-State Letters, 15 (3), A33-A36 (2012). - M. Ender et al,
J. Electrochem. Soc., 159(7), A972-A980 (2012). - Z. Liu et al., J. Power Sources, 227, 267-274 (2013). - K. Thydén, Y.L.
Liu, and J.B. Bilde-Sørensen, Solid State Ionics, 178, 1984-1989 (2008). [Figure]
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